. It shows characteristic plumage patterns and morphometric differences with respect to Peregrine subspecies, but genetic variation is quite low in the peregrinus/pelegrinoides group (Wink et al. 2000) . Although the Canarian breeding falcons mainly show the Barbary phenotype, haplotypes of both F. peregrinus brookei and F. p. pelegrinoides are present according to a preliminary study carried out in Fuerteventura (Amengual et al. 1996) .
According to the last available estimate, around 75 pairs breed in the Canary Islands, where all islands are occupied (Siverio & Concepción 2003) . Until the end of the 1980s, its presence and reproduction were only confirmed for some localities on the eastern Canary Islands (Hernández et al. 1991) . Since then, its known breeding distribution has expanded to the rest of the islands (Delgado et al. 1999 , Martín & Lorenzo 2001 and some aspects of its breeding biology have been studied (Delgado et al. 1999) . In Tenerife its presence was mentioned in the past by Meade-Waldo (1893) and Thanner (1909) , but the first breeding record was obtained as late as June 1991 (Hernández et al. 1992) .
The density and breeding habitat of F. peregrinus have been studied extensively (Gainzarain et al. 2000 , Jenkins 2000a , Sergio et al. 2004 , Wightman & Fuller 2005 . However, little is known about the distribution pattern of Barbary Falcon elsewhere, and no quantitative studies on breeding habitat preferences exist, save for El Hierro (Rodríguez & Siverio 2006) .
The principal aims of the current study are: i) to analyse distribution pattern and density of breeding pairs of Barbary Falcon on Tenerife Island in relation to breeding habitat selection, and ii) to estimate breeding success and its relationship with habitat characteristics.
MATERIAL AND METHODS

Study area
The Canary Islands are a volcanic archipelago, which is located 100 km off the Atlantic coast of north-west Africa (27°37'-29°25'N and 13°20'-18°19'W), comprising seven major islands with some small islets and rocks. The island of Tenerife is the larger one (2034 km 2 and 3718 m a.s.l.), and it is situated in the central part of the archipelago. Vegetation and landscape are influenced by north-easterly humid winds, altitude and orientation. Lower altitude coastal zones of the island are covered by sparse and xeric vegetation dominated by several succulent shrubs species (Fig. 1) . Different types of forest associated with local climate (thermophilous, laurel and pine woods) appear at altitudes between 300 and 2000 m. In the central higher altitude part of the island some endemic shrub species dominate the landscape (Morales & Pérez 2000, Fig. 1) . Tenerife has approximately 800 000 inhabitants, the majority of which are concentrated along the coast (Morales & Pérez 2000) .
Field procedures
During the breeding seasons (February-May) of 2004 and 2005, suitable cliffs were inspected in search of established pairs. The locations of some pairs were already known before the current study commenced (in this sense, some nest data presented in this work refer to the period 1992-2005). Observation points and transects on foot were used to pinpoint for each pair the breeding cliff and nest site. The presence of an established pair was assumed when displaying or perched adults were present, and the nest site, recently used perches on cliffs, territorial defensive behaviour and/or juveniles were also recorded. Wherever possible, each occupied territory was checked at least three times (prelaying, incubation and chick-rearing periods) to determine the breeding outcome.
Territories of Common Buzzard Buteo buteo, Osprey Pandion haliaetus and Raven Corvus corax, all three potential competitors for nest sites, were noted during field observations, in addition to data collected during previous investigations on these species (Siverio 2006, authors unpubl. data) . 
Data analysis
Territory dispersion was estimated by means of the G-Statistic, the ratio between geometric and arithmetic means of the squared nearest-neighbour distances (NND, Table 1 ). Values approaching 1 (>0.65) indicate a high degree of regularity, and those close to 0 randomness (Brown 1975) . Deviation from randomness toward regularity of nest spacing was evaluated by means of the test proposed by Clark & Evans (1954 considered), and noting the proportion of these with cliffs, forest and human centres (see Gainzarain et al. 2000 for similar procedure). Twenty variables were used to describe nesting cliffs and surrounding areas, and to quantify interspecific competition (Table 1) . These variables were measured in the field using GIS aerial photographs or 1: 25 000 scale maps. Only the most recently used sites were considered in the statistical analysis. The same variables were measured in twenty-six randomly chosen, apparently suitable cliffs (≥ 50 m in height, vertical, dominant cliff with crevices or ledges adequate for breeding), unoccupied by falcons. To avoid the effect of intraspecific competition, unoccupied crags had to be more than 1 km away from the nearest established falcon pairs (consistent with the approximate minimum distance recorded between occupied nests in the same year).
Variables for occupied and unoccupied cliffs were compared using t-test, Mann-Whitney U-test or G-test (Table 2 ). For t-tests, some variables were log-transformed to reduce the effects of non-normal distributions, as identified by KolmogorovSmirnov tests. To understand habitat selection by falcons, the same variables (excluding PRESBU-TEO, PRESPAN, PRESCOR, PROTAREA and CLIMBING; see Table 1 ) were employed in a stepwise discriminant analysis (Fisher's Linear Discriminant Functions). A 5% level of significance was specified for including variables in each step of the analysis. To test the validity of the model cross validation was employed. e % of occupied and unoccupied sites with the presence of other species, climbing equipment or inside a natural protected area, in this case, differences tested by means of a G-test on the count data; significance level: * P < 0.05, ** P < 0.01).
To describe nest sites five variables were used (Table 1 ). In addition to nests located during the study period, all known nest sites used by falcons during 1992-2005 in an intensively controlled area (Teno massif, northwest of the island; M. Siverio unpubl. data) were also considered.
Breeding success was calculated as the percentage of successful pairs (at least one fledged young) from the total number of pairs checked during the incubation period (n = 16 in 2004, and n = 21 in 2005). Productivity and fledging rate were calculated as the number of young fledged per territorial and successful pair, respectively. Potential differences in breeding success among years were tested by means of the G-test or MannWhitney U-test. Wherever possible fledged young were sexed according to size differences (females larger than males). Spearman's coefficient correlation analysis was employed to determinate the effect of habitat variables on breeding performance, first separately for each year, then pooled for all breeding attempts, using mean values of productivity for pairs that were observed in both years.
Means and parameter estimates are reported together with standard deviations. All statistical calculations were carried out using SPSS (version 12.0) statistical package and statistical significance was set at P < 0.05.
RESULTS
Density
A total of 26 breeding pairs of falcons, showing field characteristics of Barbary, were recorded in Tenerife occupying natural cliffs. Also, two single females were recorded holding territories, and pairs or single birds were observed in some unoccupied sites that were potentially suitable for breeding; these were omitted from the present analysis. Total density on the entire island was 1.27 pairs/100 km 2 . Mean distance between neighbouring pairs was 5869 ± 3338 m, ranging from 1388-13 610 m. In some areas, such as Teno massif (Fig. 1) , this distance was as small as 2062 ± 673 m (n = 7 pairs). The G-statistic value (0.52) indicated a non-regular dispersion of breeding territories. However the spacing pattern of territories deviated from randomness toward regularity (z = 3.19, P < 0.005).
Number of breeding pairs in each 10 kmsquare ranged between 0 and 5. Only one variable (cliff availability) of the three considered was significantly correlated with falcon density (r s = 0.629, n = 34, P < 0.001; Fig. 2 ).
Habitat selection
Only large and natural cliffs, both in coastal and inland areas, were used by falcons in Tenerife. Mean altitude (measured on the top of the cliffs) of falcon territories was 697.6 m (median 425 m; range 75-2250 m). Only two pairs, located in the Teide National Park, occupied crags at an altitude in excess of 2000 m (Fig. 1 ).
Significant differences between occupied and unoccupied crags were detected in eight variables (Table 2) . Falcons clearly selected taller cliffs, farther apart from roads and houses, near the coast and with a lower presence of human-transformed areas. Furthermore, the presence of other cliffnesting species (such as Osprey and Raven) was significantly different between occupied and unoc- cupied sites by falcons. In addition, the falcons tended to use only more sheltered orientations (southwest-facing) for nests and cliffs (Fig. 3) .
Four variables were selected for the discriminant analysis: LogHEIGHT, NND, LogDISTHOUSE and Arcsin%FOREST (Table 3 ). The percentage of correctly classified cliffs was 75.0% (73.1% and 76.9% for occupied and unoccupied, respectively). The robustness of the model was shown after using cross validation as it correctly classified approximately the same percentages of cliffs (Table 3) .
All nests were located opportunistically in barren cavities (61.5%) or on ledges (34.6%), except one which was located in an old Raven nest (Table 4) . No differences were found between sheltered (orientation index values 4-5), neutral (3) or exposed (1-2) nests to dominant winds in Rodríguez et al.: comparison with a random distribution (G 2 = 2.486, P = 0.288). Maximum altitude and height for all known nests were 2150 m and 387 m, respectively. Nests were usually placed in the upper half of the cliff, with a mean height of 142 m from the base of the cliff (Table 4) . During the period 1992-2005, seven intensively monitored pairs in the northwest of the island used on average 2.86 alternative nests (range 1-5).
Breeding success
Breeding output was similar in 2004 and 2005 (Table 5) , with a mean productivity of 1.55 and a fledging rate of 1.76 over the two years combined. Average breeding success was 81.1%, and no significant differences were found between years in breeding success (G = 0.784, P = 0.376) or fledging rate (U = 110.0, P = 0.438). In 2004, negative relationships were detected between fledging rate and three habitat variables (n = 13): HEIGHT (r s = -0.759, P < 0.05), STEP-NESS (r s = -0.639, P < 0.05) and ORI (r s = -0.720, P < 0.05). In the same year a positive relationship was found between productivity and % FOREST (r s = 0.627, P < 0.05). In contrast, during 2005, or when data were pooled, no significant relations were detected between productivity and the variables employed to describe habitat features. A total of 28 fledged young were sexed and no differences were found in sex ratio (14 males and 14 females).
DISCUSSION
Previous research on Barbary Falcon has mainly been focused on field identification and taxonomic status (Brosset 1986 , Clark & Shirihai 1995 , Wink & Seibold 1996 , Schollaert & Gilles 2000 , Wink et al. 2000 , Corso 2001 ). In general, very little is known about its biology worldwide (Dementiev 1957 , Hogg 1983 , Delgado et al. 1999 , Brouwer & Mullié 2000 , Ming et al. 2003 . Traditionally it has been considered a desert form of the Peregrine (Cramp & Simmons 1980 , Ferguson-Lees & Christie 2001 .
In the Canary Islands this falcon was very rare in past decades (Bannerman 1963) , but a substantial increase in population size has occurred in the entire archipelago in the last 15 years (Delgado et al. 1999 , Siverio & Concepción 2003 . On Tenerife, a 20% mean annual increase has been estimated over the last 14 years (Hernández et al. 1991, present study) . Most European Peregrine populations are currently recovering from the collapse induced by bioaccumulation of toxic organochlorines via prey species, and recently their numbers appear secure again in the major part of their distribution range (Ratcliffe 1997) . Although no precise data are available for the Canaries, current legal status, hunting regulation on wild birds and the high number of feral pigeons and doves supposedly play an important role in the population increase. The present density in Tenerife appears to be similar to other healthy Peregrine populations worldwide (Ratcliffe 1962 , Olsen & Olsen 1988 , Pepler et al. 1991 , Carlier 1993 , Ratcliffe 1993 , Norris 1995 , Gainzarain et al. 2000 , Zuberogoitia et al. 2002 , and to Barbary Falcon populations elsewhere in the Canaries (Rodríguez & Siverio 2006) . The observations of solitary females holding territories and the similarity between occupied and unoccupied sites indicate the potential for further increase.
Our results confirm that Barbary Falcons prefer high cliffs in Tenerife, such as for example Teno massif (Fig. 1) , where also breed an important Raven population and all Osprey pairs of the island (Siverio 2006, authors unpubl. data However, in the eastern Canary Islands, where large cliffs are scarcer than on western islands, breeding pairs are also observed at small and accessible hills situated in wide lava fields (B. Rodríguez unpubl. data). In general, Peregrines prefer large cliffs situated in areas with short vegetations and far away from human population centres; density and distribution are closely related to cliff availability (Donázar et al. 1989 , Jenkins 1994 , Gainzarain et al. 2002 . Heights of cliffs used by Peregrines vary according to their availability, showing a preference for higher, more dominant locations with respect to the surrounding area (Pepler et al. 1991 , Ratcliffe 1993 , Gainzarain et al. 2000 . This fact is positively related with breeding success and foraging efficiency (Mearns & Newton 1988 , Jenkins 2000b . There is no simple explanation for the fact that productivity in our study area was negatively related to cliff height, sheltered orientations of cliff faces and ruggedness of the nesting area; and positively related to percentage of forested land during 2004. However, it is likely that climatic stability, geologic characteristics of cliffs (an abundance of insulated potential nest sites) and the absence of potential predators may explain some of these findings. The positive correlation with forest cover on the island may be spurious because of the small surface area of forest anyway.
In cold-wet climates, Peregrines actively select sheltered and sun exposed cliff-nest orientations, and the opposite in warm climates (Olsen & Olsen 1989b , Norris 1995 , Gainzarain et al. 2000 , Jenkins 2000a , and this could be positively related to breeding success (Mearns & Newton 1988 , Olsen & Olsen 1989a ). In the Canaries, the structural characteristics of cliff faces (an abundance of crevices and ledges for potential nest sites), may explain why only one falcon pair used an old Raven nest. In other regions stick nests represent around 30% of Peregrine nests (Ratcliffe 1993) .
Whereas normally areas with a low density of paved road are selected by falcons (Gil-Sánchez 1999, Gainzarain et al. 2000) , transformed human areas are also used by Peregrines and Barbary Falcons as breeding, hunting or wintering sites, and many man-made structures are utilized as perching or nesting sites (Ratcliffe 1993 , Brouwer & Mullié 2000 , Ferguson-Lees & Christie 2001 . In Tenerife, Barbary Falcon seem to avoid heavily transformed human areas for breeding, but they commonly hunt over towns and villages and occasionally perch on electricity pylons.
Mean brood size at fledging observed on Tenerife was in the lower range of values reported for Peregrine in European populations; however, breeding success was relatively high (review in Rizzolli et al. 2005) . The latter may be related to the stability of a favourable climate and a prolonged breeding season of falcon's prey species on the island (Jenkins 1991 , Jenkins & Hockey 2001 , Martín & Lorenzo 2001 . Adverse weather with snow during the breeding season only rarely occurs at some high altitude nesting cliffs.
Never before -as far as we know -has the density of Barbary Falcons been this high on Tenerife, and some expansion is still possible. The present conservation status seems to be satisfactory, and we found no evidence of severe persecution or disturbance by humans. Falcons, however, occasionally kill racing pigeons, and as pigeon fancying is a popular sport on the island a conflict of interest may arise in the future. General knowledge on the ecology and biology of the Barbary falcon is still incomplete, and further study into diet composition, age structure of the population and survival would improve its conservation status, particularly in aiding early detection of negative population trends (Balbontín et al. 2003 , Pandolfi et al. 2004 , Rizzolli et al. 2005 
